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ABSTRACT 

With mission des ign  mod i f i ca t ions ,  t h e  SPS can provide  
t h e  c a p a b i l i t y  t o  sa lvage  a l u n a r  l anding  f o r  Apollo 15  launched 
on J u l y  2 6 ,  1 9 7 1  f o r  TLI underburns of under 4.5 seconds and 
s t i l l  maintain a LM rescue  and weather  avoidance AV contingency 
e q u a l  t o  or b e t t e r  t han  nominal. By al lowing t h e  sun e l e v a t i o n  
a t  landing  t o  rise t o  15.3', a l u n a r  landing  wi th  nominal con- 
t ingency AV reserves can be achieved f o r  an underburn of s l i g h t l y  
over  two seconds, which corresponds t o  an in s t an taneous  e l l i p t i c  
o r b i t  of 200,500 n.m. apogee. A l u n a r  l and ing  a f t e r  a 3.5 second 
underburn (163,500 nom. apogee) can be salvaged by lowering t h e  
landing  approach azimath t o  -96O and r a i s i n g  t h e  sun e l eva t io r ,  
a t  landing  t o  16 .7O.  An a d d i t i o n a l  second can be added t o  t h e  
sa lvage  a b i l i t y  of e i t h e r  case if the pos t - a scen t  o r b i t a l  s t a y  
i s  d e l e t e d .  Thus t h e  maximum i n t e r v a l  of TLI underburn f o r  
which t h e  landing  mission can be salvaged and s t i l l  possess  
nominal AV r e s e r v e s  i s  about  4 . 5  seconds and corresponds t o  an 
in s t an taneous  e l l i p t i c  o r b i t  with an apogee of  nea r ly  143,500 n.m. 
The s e n s i t i v i t y  of  end-of-mission AV t o  TLI  underburns with 
t h e s e  des ign  mod i f i ca t ions  i s  approximately 200  fps/second of 
underburn. 
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MEMORANDUM FOR FILE 

I f  the S I V B  s h u t s  down prematurely du r ing  T L I ,  v a r i o u s  
o p t i o n s  a r e  a v a i l a b l e  t o  n u l l i f y  t h e  e f fec t  of t h i s  underburn 
and s t i l l  al low a luna r  landing. T h i s  memormdum o u t l i n e s  t h e  
o p t i o n s  a v a i l a b l e  and t h e i r  c a p a b i l i t y  t o  compensate f o r  a T L I  
underburn. F o r  f l e x i b i l i t y  i n  a p p l i c a t i o n ,  t h e  SPS AV margins 
are d i scussed  r e l a t i v e  t o  nominal l e v e l s .  

Method of Determining TLI  Vector for  Underburns 

The TLI  v e c t o r  r e s u l t i n g  f rom v a r i o u s  underburns w a s  
approximated by al lowing the magnitude of the v e l o c i t y  of t h e  
nominal T L I  s ta te  v e c t o r  (from Reference 2 )  t o  decrease  by 50  f p s  
fo r  each second of underburn w h i l e  t h e  p o s i t i o n  and d i r e c t i o n  w a s  
he ld  cons t an t .  
t h i r t y - f i v e  n a u t i c a l  m i l e s  from the  nominal p o s i t i o n  i n  t h e  t i m e  
i n t e r v a l  under cons ide ra t ion ,  t h i s  approximation c l o s e l y  s imula t e s  
t h e  a c t u a l  event .  

Whereas t h e  p o s i t i o n  can only change by about  

T i m e  of Midcourse Correc t ion  

I n  o rde r  t o  sa lvage  the luna r  landing  fo r  an underburn, 
a midcourse c o r r e c t i o n  must be performed a t  two hours  a f t e r  T L I  
o r  later.  Figure 1, which d i sp lays  the  r a t i o  of t h e  SPS AV cor- 
r e c t i o n  t o  t h e  underburn d e f i c i t  as a func t ion  of  t i m e  a f t e r  T L I ,  
shows t h a t  t h e  l e a s t  expensive t i m e  t o  make t h i s  c o r r e c t i o n  i s  a t  
TLI + 2 hours .  Therefore ,  a l l  subsequent in format ion  i s  presented  
assuming the c o r r e c t i o n  occurs  a t  t h i s  t i m e .  

Opt ions t o  Salvage Landing 

The midcourse c o r r e c t i o n  a t  T L I  + 2 hours  t h a t  compen- 
sates for  t h e  T L I  underburn reduces t h e  SPS AV a v a i l a b l e  f o r  con- 
t i n g e n c i e s .  Figure 2 shows t h e  change i n  SPS contingency AV from 
t h e  nominal mission reserves as  a func t ion  of seconds of  TLI  under- 
burn main ta in ing  t h e  nominal mission des ign .  I t  i s  seen t h a t  a 
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one-second underburn r e s u l t s  i n  a loss of  n e a r l y  300 f p s  con- 
t ingency  SPS AV. Noting t h a t  our  LM rescue  contingency AV f o r  
t h e  nominal i s  less than  700 f p s ,  it i s  necessary  t o  d e v i a t e  from 
t h e  nominal mission c h a r a c t e r i s t i c s  t o  a l l o w  l u n a r  l and ing  t o  
occur  f o r  TLI underburns.  Three o p t i o n s  a r e  cons idered  t o  in -  
crease t h e  SPS AV r e se rves .  

A. I nc rease  Sun Eleva t ion  a t  Landina 

The  f i rs t  op t ion  i s  t o  al low t h e  sun e l e v a t i o n  a t  
landing  t o  i n c r e a s e .  Figure 3 shows t h e  r e s u l t i n g  changes i n  
the LM rescue  and weather avoidance contingency AV from t h e  nomi- 
n a l  r e s e r v e s  f o r  t h e  case of optimum sun e l e v a t i o n  and t h e  case 
c o n s t r a i n i n g  t h e  sun e l e v a t i o n  t o  s t a y  below t h e  15.8' e l e v a t i o n  
a t  which Goldstone coverage te rmina tes .  Figure 3 a l s o  relates 
underburn t i m e  wi th  optimum sun e l e v a t i o n .  

B. Optimize Approach Azimuth 

Figure 4 d i s p l a y s  changes i n  a v a i l a b l e  contingency 
SPS AV f o r  TLI  underburns i f  t h e  approach azimuth a t  l anding  i s  
allowed t o  opt imize  maintaining t h e  sun e l e v a t i o n  a t  12O. The 
optimum va lue  f o r  t h e  approach azimuth of t h e  J u l y  2 6 ,  1 9 7 1  launch 
i s  -97.5O. This  a l t e r n a t i v e  i s  no t  as b e n e f i c i a l  a s  a l lowing t h e  
sun e l e v a t i o n  a t  landing t o  inc rease .  

C. Optimize Approach Azimuth and Sun E leva t ion  

Optimizing both  t h e  approach azimuth and sun e l e v a t i o n  
f o r  each  second of underburn r e s u l t s  i n  lower d e f i c i e n c i e s  a s  
compared t o  t h e  nominal SPS contingency AV va lues  and t h u s  i s  
t h e  o p t i o n  provid ing  maximum SPS sa lvage  c a p a b i l i t y .  
d i s p l a y s  t h e  r e s u l t i n g  contingency AV character is t ics  of t h i s  
op t ion .  
azimuth and sun e l e v a t i o n  f o r  each second of underburn. 

F igu re  5 

F igure  5 a l s o  shows t h e  corresponding optimum approach 

Conclusions 

Using Figures  2 - 5 ,  the  l eng th  of underburn f o r  which 
t h e  SPS can sa lvage  t h e  l u n a r  landing  and s t i l l  posses s  nominal 
r e s e r v e s  can be determined. Option 1, i n  which t h e  sun e l e v a t i o n  
a t  l and ing  i s  allowed t o  be optimum w i l l  a l l o w  t h e  miss ion  t o  be 
sa lvaged  f o r  underburns of  s l i g h t l y  over  2 seconds (Q15.8' sun 
e l e v a t i o n )  if PDI coverage from Goldstone i s  maintained and only  
a f r a c t i o n  of a second more i f  t h e  coverage i s  s a c r i f i c e d .  A l -  
lowing t h e  approach azimuth t o  opt imize  whi le  main ta in ing  12O sun 
e l e v a t i o n  w i l l  a l l o w  l u n a r  landings  from underburns of approxi- 

. mately t w o  seconds. Option 3 ,  f o r  which t h e  sun e l e v a t i o n  and 
approach azimuth a r e  optimized for  each second of underburn pro- 
v i d e s  t h e  c a p a b i l i t y  of having a l u n a r  landing  f o r  underburns of 
under 3 . 5  seconds.  Thus t o  sa lvage  t h i s  amount of underburn, 
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corresponding t o  an ins tan taneous  e l l i p t i c  o r b i t  wi th  a 163,500 n.m. 
apogee, it i s  necessary  t o  allow a sun e l e v a t i o n  of about 1 6 . 2 O  and 
a landing  approach azimuth of -96'.  Furthermore,  t h e  f a c t  t h a t  t h e  
LM rescue  contingency AV curve i s  much h i g h e r  than  weather avoidance 
A V  curve r e s u l t s  i n  a maximum l u n a r  landing  sa lvage  c a p a b i l i t y  of 
about 4 . 5  seconds. This corresponds t o  an in s t an taneous  e l l i p t i c  
o r b i t  wi th  apogee of approximately 1 4 3 , 5 0 0  n.m. and i s  achieved by 
dropping t h e  post-rendezvous lunar  o r b i t  s c i e n c e  and r e t u r n i n g  a t  
t h e  ear l ies t  T E I  oppor tun i ty .  Figure 3 a l s o  shows t h a t  by reducing 
t h e  nominal end-of-mission AV requirements,  a d d i t i o n a l  c a p a b i l i t y  
can be gained a t  t h e  r a t e  of about - 5  seconds/100 f p s  of r e d u c t i o n .  
The use  of t h i s  procedure w i t h  t h e  nominal weather avoidance AV of 
350 f p s  (Reference 1) w i l l  r e s u l t  i n  on ly  about  a h a l f  second addi-  
t i o n a l  sa lvage  c a p a b i l i t y .  

20 13 -GST- j ab G. S. Taylor  
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FIGURE 1 - RATIO OF M~DCOURSE CORRECTION AV TO AV UNDERBURN DEFICIT AS A FUNCTION 
OF TIME OF MIDCOURSE CORRECTION 
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